Chromosome conformation capture-on-chip analysis of long-range cis-interactions of the SOX9 promoter.
Evolutionarily conserved transcription factor SOX9 is essential for the differentiation of chondrocytes and the development of testes. Heterozygous point mutations and genomic deletions involving SOX9 lead to campomelic dysplasia (CD), a skeletal malformation syndrome often associated with sex reversal. Chromosomal rearrangements with breakpoints mapping up to 1.6 Mb up- and downstream to SOX9, and likely disrupting its distant cis-regulatory elements, have been described in patients with milder forms of CD. Based on the location of these aberration breakpoints, four clusters upstream of SOX9 have been defined. Interestingly, we found that each of these intervals overlaps a gene encoding long noncoding RNA (lncRNA), suggesting that lncRNAs may contribute to long-range regulation of SOX9 expression. One of the four upstream regions, RevSex (517-595 kb 5' to SOX9), is associated with sex reversal, and was suggested to harbor a testis-specific and sex-determining enhancer. Another sex-determining interval was mapped to a gene desert >1.3 Mb downstream of SOX9. We have performed chromosome conformation capture-on-chip (4C) analysis in Sertoli cells and lymphoblasts to verify the proposed long-range interactions of the SOX9 promoter and to identify potential novel regulatory elements that might be responsible for sex reversal in patients with CD. We identified several novel potentially cis-interacting regions both up- and downstream to SOX9, with some of them overlapping lncRNA genes. Our data point to lncRNAs as likely mediators of some of these regulatory interactions.